We report here the isolation of an IgG Fc receptor from normal human T lymphocytes. The purified receptor has a nonreduced and a reduced component of molecular weights 120,000 and 60,000, respectively, and it was functionally active in the in vitro blocking of rosette formation between T lymphocytes and IgG-coated ox erythrocytes. An antiserum raised to the Fc receptor, and an isolated F(ab')2 fragment of this antiserum, also blocked rosette formation between T sensitive to irradiation and high-dose corticosteroid treatment (9), have diminished RNA content (10), and have reduced surface charge (11) when compared with the majority of T lymphocytes. In addition, at least some Ty cells can suppress immunoglobulin production and can participate in natural killer-cell activity and antibody-dependent, cell-mediated cytotoxicity (12) (13) (14) (15) . Because the isolated IgG Fc receptor described in this report has retained functional activity and the antiserum raised against it has selective affinity for the receptor, the methods reported here provide a means for the chemical characterization of the receptor and a practical approach for the analysis of the biologic role of Fc receptor-positive T cells. METHODS Fc Receptor Isolation. Mononuclear cells from the peripheral blood of normal controls were isolated on FicollHypaque (16) and were depleted of phagocytic cells by allowing them to ingest carbonyl iron (13). T cells were rosetted with neuraminidase-treated sheep erythrocytes, separated on Ficoll-Hypaque, and the attached sheep erythrocytes were lysed by 0.1 M Tris-HCl, pH 7.2/0.83% NH4CI (13). Judged to be 96% pure by rerosetting with sheep erythrocytes and by the The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. 3645 lack of surface Ig and nonspecific esterase-positive cells, 108 T cells were suspended in 0.13 M NaCI/0.5 mM MgCl2/0.02 M Hepes (pH 6.0; 1 vol)/0.5 M sucrose (1 vol) at a concentration of 5 X 107 cells/ml and were subjected to nitrogen cavitation at a pressure of 800 psi for 20 min (Artisan Bomb, Artisan Industries, Waltham, MA). The 2-ml supernatant material obtained after centrifugation (100,000 X g for 1 hr at 00C) was subjected to a 3-hr electrodialysis against distilled water using a current of 40 mA to remove salts and to fragment the T-cell membranes. Neutralization was achieved by adding small amounts of triethylamine. (The electrodialysis procedure, a new method for cell membrane disruption, will be described more fully elsewhere by C. Galanos.) The dissolved T-cell membranes were then immediately passed over a 1 X 15 cm column of Sepharose 4B to which immunoelectrophoretically pure, pooled heat-aggregated (17) human IgG had been covalently bonded (18). After washing the column with 5-column volumes of phosphate-buffered saline, the adherent fraction was removed by a passage of 0.1 M glycine-HCI, pH 2.7. The eluted material was concentrated by 1yophilization.
marked specificity of this antiserum for the IgG Fc receptor. In addition, this antiserum did not block the Fc receptors of non-T cells, indicating that the T-cell IgG Fc receptor has unique antigenic determinants not shared with B cells. Receptors for the Fc portion of IgG are surface components characteristic of a number of immunologically important mammalian cells. We have isolated IgG Fc receptors of 120,000 and 60,000 molecular weight from human peripheral blood mononuclear leukocytes (1); other investigators have isolated Fc receptors of similar size from murine lymphocytes and macrophages (2) (3) (4) (5) . We now report the first isolation of an IgG Fc receptor from human T lymphocytes.
IgG Fc receptor-bearing lymphocytes (T-y cells) (6) (7) (8) have both chemical and function properties that distinguish them from lymphocytes not bearing this receptor. Ty cells are more sensitive to irradiation and high-dose corticosteroid treatment (9) , have diminished RNA content (10) , and have reduced surface charge (11) when compared with the majority of T lymphocytes. In addition, at least some Ty cells can suppress immunoglobulin production and can participate in natural killer-cell activity and antibody-dependent, cell-mediated cytotoxicity (12) (13) (14) (15) . Because the isolated IgG Fc receptor described in this report has retained functional activity and the antiserum raised against it has selective affinity for the receptor, the methods reported here provide a means for the chemical characterization of the receptor and a practical approach for the analysis of the biologic role of Fc receptor-positive T cells.
METHODS
Fc Receptor Isolation. Mononuclear cells from the peripheral blood of normal controls were isolated on FicollHypaque (16) and were depleted of phagocytic cells by allowing them to ingest carbonyl iron (13 In experiments in which the T cells were radioactively labeled, the gels were sliced into 2-mm fractions, were incubated at 80°C overnight in 0.5 ml of 3% H202, and were assayed for radioactivity in a Packard ,B counter in 4 ml of Aquasol (New England Nuclear).
Production of an Antiserum. Obtained from 2 X 108 T lymphocytes, 0.1 ml of the purified Fc receptor containing 50 ,ug protein was mixed with 0.1 ml of complete Freund's adjuvant and was injected into the footpads and subeutaneous tissues of a 1-kg, 1-year-old female New Zealand rabbit. After 30 days, intravenous injections of the same amount of protein without adjuvant were made weekly for 5 weeks.
Abbreviations: IgG and IgM, immunoglobulins G and M; HBSS, Hanks' balanced salt solution.
Inhibition of Rosette Formation by Isolated Fc Receptors. The T-cell IgG Fc-receptor preparations were well dialyzed against Hanks' balanced salt solution (HBSS; GIBCO), and 0.1 ml aliquots of two Fc-receptor preparations were incubated separately for 1 hr at 370C with 0.1 ml of a 1% solution of IgG-coated ox erythrocytes that were prepared with rabbit anti-ox erythrocyte, IgG fraction. The IgG-coated ox erythrocytes then were mixed with 0.1 ml of normal T lymphocytes (4 X 106/ml) in HBSS. After a 5-min centrifugation at 200 X g at 4VC and an incubation for 60 min at 4VC, the number of T-y rosettes (lymphocytes with three or more adherent ox erythrocytes) was counted (13 (Table 3) , illustrating the specificity of the receptor antiserum for T lymphocytes. Fig. 2 illustrates the effect of increasing amounts (from 0% to 50%) of the antiserum upon Ty rosette formation. Slight blockage of the Ty rosette formation was produced by phosphate-buffered saline containing as little as 2% of the antiserum; a marked and increasing blockage was observed for all solutions containing 5% or more of the antiserum.
A single NH2-terminal amino acid, glycine, was identified from the IgG Fc-receptor preparation.
DISCUSSION
The polyacrylamide gel electrophoresis studies demonstrate that the IgG Fc receptor of human peripheral T cells has a reduced and a nonreduced component with molecular weights similar to those of the IgG Fc receptors we have isolated from human mononuclear cells (1) and others have isolated from mouse spleen cells (2), mouse lymphocytes (3), macrophages (4), and fibroblasts (3). The 120,000 molecular weight component may be a disulfide-bonded dimer composed of two 60,000 molecular weight peptides, or it is possible that the two 60,000 molecular weight peptides are proteolytic fragments of the 120,000 component that is held together by an intrachain disulfide bridge. The latter interpretation has been made in one published study which concerned murine cells (3). We and others have reported that the Fc receptor is exceptionally vulnerable to proteolytic cleavage and that the constituent peptide fragments still retain marked biologic activity as demonstrated by rosette inhibition (23), adherence to immobilized heat-aggregated IgG (2, 23) , and the inability of an antiserum raised to the fragments to inhibit B-cell binding of fluorescein-labeled heat-aggregated IgG (2) . The electrodialysis method used in these experiments appears to minimize the yield of the intact Fc receptor; proteolytic fragments were not recovered unless delays occurred between the electrodialysis and affinity-chromatography steps.
The possibility that the 120,000 and 60,000 molecular weight components are not the Fc receptor but represent contaminants of a preparation containing an undetectable amount of the actual receptor is difficult to completely eliminate. However, the lack of other detectable components in the gel electrophoresis experiments that assayed the 3H-labeled T-cell membrane preparations and the single NH2 terminus argue against this possibility.
The antiserum raised in these studies was shown to have distinct specificity for the T-cell IgG Fc receptor since it neither blocked sheep erythrocyte-T-cell interactions, nor did it block the adherence of IgM-coated ox erythrocytes to T cells. In addition, increasing concentrations of this antiserum produced an increasing blockage of Ty-rosette formation, suggesting a dose-response relationship. Interestingly, this antiserum exerted Immunology: Cunningham-Rundles et al.
no blocking activity on the Fc receptors of non-T cells, in spite of the similarity in molecular weight and probable similarities in primary structure of these receptors. It is possible that all IgG Fc receptors, described as characteristic surface components of many kinds of differentiated cells, are members of a large family of related receptors, each of which have emerged by a separate series of amino acid substitutions from a single precursor molecule. These sequence differences appear to have rendered these receptors antigenically distinguishable.
At present, the biologic role of the cell surface Fc receptor for IgG is unknown, but it is most probable that this heterogeneous family of surface components plays a role in the bridging of humoral and cellular immunologic capacities, specifically in the regulation of antibody production. Although several intriguing morphological and functional properties have been associated with the Ty subset of T cells, the actual biologic role of these cells is still unknown. The use of specific antisera, such as the one described here, will make possible such functional investigations.
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